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ABSTRACT

A study of red phosphorus compositions was performed using
chemical and mathematical models as a means of formulation.
Fluorine, chlorine, and oxygen oxidizers were studied, and the
advantages and disadvantages of each are given.

‘The mixing of the compusition was performed in solution using
a precipitation and prepolymer technique. This type of mixing
was used to overcome the hazard factor involved with red phosphorus

compositions.
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: BACKGROUND

The standard red phosphorus compusition < not a safe
composition since numerous fires have occurred in the production
mixing and pressing operation.

it was thought that a systematic search for new binders,
fuels and oxidizers was justificd in an effort to replace the
stondard composition. This would mcan, of course, thit the new
conpesition must offer the same or slower burning rate and he
safer.

Fach oxidizer considered for a composition was tested for
coppatibilitysince .re oxidizers form explosive mixtures with
red phosphorus. To first oktain the "feel” for cornatibility A
mathematical treatment known as Tanmann Temperature(l) was per-
formed. The Tammann Temperature is the temperature at which the
atoms on the surface of an oxidizer are mobile and are able to
diffuse into the lattice of another compound. If the Tammann

Temperature was at or below room terperature, then the oxidizer

was handled very carefully in the corpatibility test.

PROCEDURE OF FOGRMULATION
The procedure for formulating any fuel-oxidizer composition
is to start with the stoichiometric ratios of the fuel and
oxidizer. Assuming that the reaction pocs to completion then the
heat of reaction (alty) for the mixture can be calculated from

@

known heats of formation using lless's Law
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N As an exampie of formulation, we will be concerned with the

reaction of magnesium with Teflon (lq.1) and Viton A (Fq.2).

32.6% 67.4%
Eq. 1 Mg LR (0 S ] MpF, + C
AHR = -2210 cal/pm
27.7% 70,3%
ta. 2 0.65 Mg+ CHy oFy 3 —% 0.65 MgF,+C+0.35H,
AHR= -1920 cal/pgm

From the heats of vaporization for magnesium fluoride
(AHV=1268 cal/gm) and red phosphorus (AHV=242 cal/ewr), the mag-

\ nesium fluoride will be the limiting factor in terms of calories
per gram nceded to melt and vaporize the products of the compo-
sition.

There are princinally three unknowns, since the percent of
phosphorus will depend upon what is left from the required percents
of the fuel, oxidizer and binder.

To make the formulation casier it is best to set the percent
binder to he used, In the example we will set the percent binder
at 6 percent.

From Eq. 2 we can set up a ratio to find the percent magnesium

which will be needed to react with the binder.

Xl% Mg 6% Viton A
[ = e ————————
29.7% Mg 70.3% Viton A

X% Mg = 2.5
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Then using another ratio with the heat of reaction of magnes-
ium and Viton A the heat of reaction of the binder and magnesium

present in the mix can be calculated.

8.5%  _ 100%

e ————

X, 1920 cal/gm

Xz = 163 cal/gnm

Turning now to the major reaction of magnesium and Teflon, and
the requirement thar 1268 cal/gm is needed to vaporize magnesium
fluoride; the percent of magnesium-Teflon can be calculated by

assuming that approximately 1000 cal/gm is to be furnished by this

reaction.

Xq% 100%
1000 cal/gm 2210 cal/gm

XS% = 45.3%

The percents of magnesium (14.9%) and Teflon (30.4%) can be
calculated from the stoichiometric reaction (Eq. 2).
The formulation car be placed into standard form of ingred-

ients and their percent by weight in the mix,

Red Phosphorus - 46.2%
Teflon - 30.45%
Magnesium - 17.4%
Viton A - 6.0%
100% AHR =-1163 cal/gm
3
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This heat of reaction assumes, of course, that red phosphorus
is not reacting with the Teflon or Viton A. Red phosphorus does
react with Teflon and Viton A, but they are endothermic reactions
and will contribute nothing to the overall heat of reaction. This

will be discussed further in scction on Systems Studied.

PROCHFDURE OF MIXINC

1. Viton A and Istane 5702

The apparatus used consisted of a small powder tank, air
driven motor and a Cowles 4' blender hlade.

The following procedurce was vsed in preparing the Viton A
(fluorocarbon) and Lstanc (polyurethane) compositions.

1. Weigh out into powder tank the desired weight of binder
(25% solution in acetone).

2. Yeigh out into the powder tank the desired weight of red
phosphorus.

3. Stir with rubber spatula until the nhosphorus is wet
{(add more acetone if necessary).

4. lLower mixer blade into mix and stir until miy appcars
uniform.

5. Remove blade from mix and add cach of ti.e other ingredients
while stirring with rubber spatula. {Add more acetone if nccessary).

6. Lower mixer blade into mix and stir until mix appears
uniform,

7. Add hexanc very slowly until the mix is "hicked out' of
the acetone (sce section on Preciritation).

4
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8. Add at least three volumes of hexane to acetone and wash
for at least ten minutes.

9, Decant and add three more volumes of hexane and wash for
ten minutes.

10. Decant and place mix in pan to air dry.

II. Epexy Syvstem

The following procedure was used in preparing the epoxy bound
composition.

1. W¥eigh out into powder tank the desired weight of red
phosphorus.

2. Weigh out the desired weight of epoxy binder and dissolve
with acetone.

3. Add the epoxy solution to the powder tank and stir with
rubber spatula until the phosphorus is wet (add acetonc if necessary).

4. Lower mixer blade into mix and stir until wmix appcars
uniform.

S. Remove blade from mix and add cach of the other inpredients
while stirring with rubber spatula (add acetone if necessary).

6. Lower mixer blade into wmix and stir until mix appears
uniform.

7. Remove mixer blade and place mix in pan to air dry.

8. Press composition before the epoxy systcm sets up.
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PRECIPITATION
It is necessary that the hexane be added very slowly
(preferably drop-by-drop) due to local concentration effects of
high polymer solutions. If the non-solvent is added slowly

(3)

enough, according to Flory'"’, an equilibrium phase separation
will occur. One phase will be concentrated in polymer, and the
other phase will be dilute in polymer. This phase separation
is termed "coacervation', and it is the point in the precipitation
technique that the concentrated polymer phase is coating onto the
solid particles,

It was found during this study that burning rates could be
varied by varying the rate at which the non-solvent (hexane) was

added to the composition. The importance of this step cannot be

emphasized too strongly.

SYSTEMS STUDIED

As mentioned in section on Procedurc of Formulation red
phosphorus reacts with Teflon and Viton A, but the reaction is
endothermic. The fluorinc and chlorine oxidizers were chosen for
this specific purpose. The thought being that the red phosphorus
present in the mix would not contribute to the heat of reaction.
lilence, the heat of reaction would depend solely on the fuel and
oxidizer. This was an attempt to predict more closely the heat
of reaction of the composition.

An added advantape of fluorine and chlorine oxidizers is

their endothermic recaction with red phosphorus. This leaves out
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-any possibility of a spontaneous solid-solid reaction which might
start a fire or cxplosion,
I. Fluorine Oxidizers

Teflon is the most fluorine oxidizer 'rich" compound avail-
able, Its reaction with mapnesium is sufficiently cxothermic to
make composition with a range from fifty to sixty rercent phosphorus.
Table 1 shows a tvpical composition (1), hazard data, burninp
rate, pressing rressurc and heats of reaction. The comnositions
made with Teflon deteriorated over a period of time, and an odor
similar to phoseene was given off. IFigure 1 is the D, T. A, for the
composition in Table 1.

Other fluorine oxidizers available were ruch too expensive
for use in pyrotechnics.
11. Chlorine Oxidizers

The chlorine oxidizers used in this investigation werce hexa-
chlorobenzene and polyvinyl chloride., These two were chosen over
several others duc to their stability in storage, licxachlorobenzene
and pelyvinvl chloride are soluble in acetone and precipitate
out after Viton A. Table 1 shows a tvpical corposition (2), hazard
data, burning rate, press{ng pressure and heats of reaction for
hexachlorobenzene. Figure 11 is the D. T. A. for the composition
shown in Table 1. Since l'exachlorobenzene and polyvinyvl chloride
were soluble in acetone, further investigation was discontinued.
TIT. Oxvgen Oxidizers

The principle oxygen oxidizers studied were lcad dioxide and

strontium nitrate, The advantaces of oavpen oxidizers is easy
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ignition and formation of easily vaporized products with magnesium.
A typical composition of lead dioxide (3) and strontium nitrate (4)
with hazard data, burning rates, pressing pressures and heats of
reaction are shown in Table 1. Fipure IT1 and IV are D.T.A.'s for
the lead dioxide and strontium nitrate compositions.

1t should be noted that boron was added to the lead dioxide

to give a more cven burninp front.

CONCLUSIONS

From the data obtaincd from this study, it scems that the
oxygen oxidizers offer the best possibilities for a replaccment
of the standard composition. The mathematical model usced pives
a reasonable prediction of the heat of reaction before the
composition is made and gives somc insight as to the calories per
gram needed by the composition.

The precipitation technique has been shown to he safe to

work with, and further study of precipitation techniques is in

future plans.,
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TABLE 1

Composition (% weiqht)

[ 12 13 1 4
PHOSPHORUS 50 | 50 | 53 | 55
MAGNESIUM (GRAN 16) | 16 |168| 7
BORON 3 |2
LEAD DIOXIDE 32
STRONTIUM NITRATE 28
TEFLON #1 26
HEXACHLOROBENZENE 252
VITON A 8| 8|5
ESTANE 5702 5
AH (THEOR.)  “zam 1072|580 | 400 | 490
AH (EXP ) Gom | 903|698 | 359 |47/
IMPRACT SENSITIVITY kgem| 50 | 50 |46 |36
FRICTION SENSITIITY f1-in| 100 | 225 |625 | 150
BURNING ~RATE S5 |54 |26 | 90 |80
PRESS PRESSURE % |3077|3077|3077 5385

10




I S Rt S

CO6

003

S NSO RIBHL TTEANTV TIENCHHD 804 GZUL03M0D)
COS OCCF

Q04

.r.\U

.} it s Gy gt o o 0 e o
i
g
{ [ [SSURSTPRIS, SR, NP S
\
1
|

|

— (SR S R U P

[EERP TR SUR———

[ p——

E W S

MM M Vs g b ¢ 4
i

209

LOE

- e P e pe— bnvn mommen 3 e
wa PETTR CTae— Jrmen— TP JNIRSRP S — o ses duan mane o mpeire b onceno o
I LETT L0 eeusuwepmie PRISUSEERSIEVR DU s SEp RO [EDONRR OOR S £ TS S

.
TR TIuepa SO S—— ] P S LR T L TR Lo SR S——

O L

o502 (¢4

B )

)l

S

iv

0x3

- PR F T SO PRy, SRR, REPUNUII MG [WRVRPUI. (PN S [pe—
- R [ e R B ] EE R O [UE (RO VU (S UNUHNS AN U SO
lens’s il ueseal ™ TN I R S e el Pl LI R L L Y ) ATy -
e it 8 e i - N - . . LT
i | 00 LIS ow N
M7 —:—- [
TG TN AT | gy H00N PN
RSSO WUV o v, n L it e oy e
IV T T
[T [ o o s et e 4 o " -
it SR iy -~ OFIN 3715
- * [}
ws
, " . Lo i ‘o . IR e s s SOn L e i
~
s b it 4 talii it i g BEeE phuah o » Fitew 1t ~rte | U nhalY s DT R LA (it i i ikl s

Wer o

PR

il )

=

% PN




o

ST

fa'a
AR

POPRR— pe——

{

D

AU;.& D

2 3NOid

5.3 LD UL

ey ‘)

PRI s — o et e I v b oo srment [T A
(RN, PRSI JNPEIenReret. (RRprip SRS BEPRIRIENE Mt [ -
PRUEERRRS SE S —— P R
PR PSR- S LT RS e R - i

HRER N DN ARttt gssnien +

v

9#ETT T

r—— L war 3 bt e

LV i1

[Ty s |

INOTIV TIZANOMHD HO4 JRID3RIMOD )

A9

4«:/m

L.

-y

oy

el xJ

N C.,

RaV

LMY -

e e e

pozs
;

o v ————

3

D, € 1NVIS ‘.,.r,

D., ;
0

m .

P A ..llfvl..: —

:.?

oy - e

LAY
PO
A4

TO8JTW 341S

7, 1.

.\ .

N PR T

22

.

o o

[ L] I

o b

- —

b e s g b

N

|
_

i ]




F T U S ¢ LA S A i e b o

Berge W4 w

_ (S30E00AMEHL TENMY TANONHD 804 J3DR/OI)Y 3, L
_ , OL ODg Qo3 Y 09 S O

o o o %
X COE 0 : GOl £~
o 3 L o e o oLeng L Cov o Boe o Ohe G0 £
w | ; m
| : — AR IS NS PURNPNIDN NUUURNR AU MUUUN DRUUE SUUN S SRR BN
| | } H t
| | m 2
SO IO DS RV P - . e e |8
w € 3unoi3 |
S , SR SRUUE IR N S S e i SR IR L e
| TR WIS N SRR AU S DR NESORN N | SO NN ERIR SNPISY DS SR U N
| -
_ |
w Femt rosenes R B e b LR P IR S ) M [ T L TR Ty PRI SRR PR P S tw win - - w [P N RV J
,W R NN U RO DR AN NSNS B SURN ISR IR R RS S A W
m IJ.
{ e ——— Wy & R LEL S -y i e ey TR pr— s et - e T ¥ [ A LR L .. Bessra o byt v T Y
! . ” m
| | 2
i ! o
{ s s o (R . [ NE. TR P - [P TR, SURRJREN (I | SR L T Dopeg) S S - B e bt et
e s} i e} o ] s AN SR S Y A S SR S ~“ - v me
“ | i
m e By ST U TR Lt SRS R AR p A . M “ -
: - S | W AHIL LS o e
“ R KA _.smz 4s | .-,‘,.«.:\ SN PIVED
R e R e R R 2 Y
_ e ,w%.., iy . OV SIS




(SOOI L TIIANTY TIAGHHD ¥04 ORLIEHN0D) 9,1
X0l TG OC3, oa) 0 CoS Co¥ OOE . Ong 301

e e R e e 2 i iy s s o e [ o v oo o o e . e o

iPage
14

e R T - PURTRR R L P A [ROREY S .

{

OON3

| ¥ 3YNoi4 | > | |
! R T o W ..Ilﬁ..: “e owe B L T s e T e e L TR " Ty e P T o m—— e W e B R ety

- ——oae 2,

SRR . B Tl T o e I B [P —_—

| -y , |

M . S -.“;z / e b do
| | . _ Y N SN S e
f L YT

_ | - \.Nw T e 0

B A B att LR B ST LI et od o m—— [—— P L s P

/] w
oo £ wnpuirbermprp vie <o . - i F . A
\ T T L e | 2 TE LS T 02 VY
RZATES Rgte

T2 g‘..dw_,_aj..‘ FWOS | TEEF T 3A0A NI
v oot tn e w————— Co o L

LV 77T | O 70 S

i A e 11 QYIVN ™ 3ZIS

- 9 o Iy o

i
ki

; mz i SR SRR R e

L pes e e f e L Yooy sen i




M

LY

iih

S e

UNCLASSIFIED

Secutity Clansification

DOCUMENT CONTROL DATA-R&D

Securats clissalicatyon of title, bod of ahsttact aind indexing annotution must be entered when the averall report is ciessitied)

1 OHIVINATING AC Ttvi Ty (Corporate « uthory 28. REFOAT SECURITY CLASSIFICATION

Rescarch and Development Department |_UNCLASSIFIED

U. S. Naval Ammunition Depot . GrouE

3 REPORTY THTLE

NOSC - RED PHOSPHORUS STUDY Part 1 - Smoke

4 TESCRIPTIVE NOTES (TN pe of report and inclussve dates)

& AUTHORIS) (First name, middlo inttral, 188t itamey

WILLIAM T. BICGCS

& HEPORT DATE 1. TOTAL NO OF S*AGES 7b. NO. OF REFS
3 Decembe » 1968 14
#is, CONTRACT OH GHANT NO M, CIIGINATOR'S REPQORY tIMff RiS)
. -
b PHROJECT NO RIYFR No., 135
c. Ak, O VLN REPORT NOIS)H (Any othct numbers that may ¢ ansigned
thi< report)
d.

16 DISTRIAUTION STATEMENT

pistribution of this docurent is unlimited.

11. SUPPLEMENTARY NOTES 12 SRONSORING MILITARY aCTIVITY

13, ADSTRACT

“ A study of red phosphorus compositions was performed using chemical and
mathematical models as a means of formulation. Fluorine, chlorine, and coxvgen
oxidizers were studied, and the advantages and disadvantages of each are given,

The mixing of the composition was perforred in selution using a precinitation
and prepolymer techniaue. This type of mixing was used to overcome the hazard
factor involved with red phosphorus corpositions.

T

DD an°¢$’051473 (PAGE 1)

S/N 0101.807.6801 Security Classificatin

|
|
|

o
PR

PR




AN O (Ui Kttty

4

04 [

HRALEHEN

IR LU

RN

G

i

BB TN

i

PINENA

R NS Dt e i ot

ey ¢

S AR N

W
i

""‘,if' +

!

i

“Recurity Claastiication B

®EY WORDS

LIHF A LINK B

LINK C

ROLE

NY ROLF wT

ROLE

E——TL Wﬂ”

Red Phosphorus
Fluorine Oxidizers
Chlorine Oxidizers
Oxyvgen (Oxidizers
Precipitation
Formulation
Coacervation
Tammann Temperature
Williom T, Biggs

Sttt it

DD "..1473 (sacx

(PAGE 2}

Security Classification

M A s AR el i S e it

T T




